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(57) There is provided a vapor growth apparatus 
and a vapor growth method capable of growing 
a compound semiconductor layer having an 
evenness and an interfacial sharpness in units 
of atomic layers with a good productivity. A 
growth chamber (1) has a cylindrical portion 
(1b) and an end plate (1a) which closes an 
upstream end of the cylindrical portion (1b). 
The end plate (1a) is provided with a cation gas 
material supply inlet (2) and an anion material 
gas supply inlet (3), while an exhaust device is 
provided on the downstream side of the cylin- 
drical portion (1b). A substrate holder (5) having 
a substrate support surface (20) is provided in 
the cylinder portion (1b). A gas separating mem- 
ber (6) separates flow paths of material gases 
from each other, thereby forming on the sub- 
strate support surface (20) a plurality of material 
gas supply areas to which the material gases 
are independently supplied. A drive device (7) 
rotates the substrate holder (5) with a substrate 
(4) set on the substrate support surface (20) 
thereof around the center line of the cylindrical 
portion (1b). Then a cation material and an 
anion material gas are alternately supplied to 
the surface of the substrate (4). 



Fig.1 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a vapor growth 
apparatus and vapor growth method for growing a 
compound semiconductor material, and in particular 
to a vapor growth apparatus and vapor growth meth- 
od for growing a compound semiconductor layer for 
use in a light emitting device and a high-frequency 
device on a substrate with a good controllability. 

2. Description of the Prior Art 

As a compound semiconductor material growth 
method, there has been well known a Metal Organic 
Vapor Phase Epitaxy (referred to as an MOVPE here- 
inafter) growth method which is used in producing a 
variety of devices. For the purpose of improving de- 
vice performance, it has been considered that a con- 
trollability on the order of an atomic layer is required 
in a growth process, and accordingly an Atomic Layer 
Epitaxy (referred to as an ALE hereinafter) growth 
method has been proposed. 

Fig. 13 schematically shows a vapor growth ap- 
paratus for growing GaAs by the MOVPE or ALE 
method. The apparatus has an approximately cylin- 
der-shaped reaction tube 101, a supply pipe 102 for 
supplying tri methyl gallium (TMG) as a Ga material 
gas into the reaction tube 101, a supply pipe 103 for 
supplying arsine as an As material gas into the reac- 
tion tube 101, and a supply pipe 108 for supplying a 
purging-use hydrogen gas into the reaction tube 101. 
The supply pipes 102, 103, and 108 penetrate one 
end surface 101a of the reaction tube 101, and open 
in an approximately center portion in the axial direc- 
tion of a cylindrical portion 101b of the reaction tube 
101 . In an approximately center portion in the axial di- 
rection of the reaction tube 101 is provided a sub- 
strate holder 105, and the substrate holder 105 is 
supported by an arm member 107 extending from the 
other end surface 101c of the reaction tube 101. In 
the case of either the MOVPE method or the ALE 
method, a GaAs substrate 104 is set on the substrate 
holder 105, and TMG and arsine are supplied respec- 
tively through the supply pipes 102 and 103, thereby 
growing GaAs on the GaAs substrate 1 04. Unreacted 
gas and the like are discharged through an exhaust 
pipe 110 provided on the side of theotherend surface 
101c of the cylindrical portion 101b. A major differ- 
ence between the MOVPE method and the ALE meth- 
od exists In the timing of supplying the gas. According 
to the MOVPE method, TMG and arsine are simulta- 
neously supplied. 

In contrast to the above, according to the ALE 
method, the gas supply timing is controlled by open- 
ing and closing a control valve (not shown) to alter- 
nately supply TMG and arsine. Furthermore, accord- 



ing to the ALE method, there is provided a period in 
which purging is effected with hydrogen between a 
TMG supply period and an arsine supply period in a 
manner as shown in Figs. 14A, 14B, and 14C in order 
5 to prevent the TMG and arsine from being mixed with 
each other. In the period in which purging is effected 
with hydrogen, a hydrogen gas is supplied into the re- 
action tube 101 through the supply pipe 108, thereby 
purging the inside of the reaction tube 101. 
10 A feature of the ALE method is to take advantage 
of a phenomenon that after a ratio of coating the sur- 
face of the GaAs substrate 104 with TMG or a decom- 
posed substance thereof becomes 1 in the TMG sup- 
ply period, any further deposition is suppressed (so- 
ts called a self-limiting mechanism achieved by appro- 
priately selecting growth conditions such as a sub- 
strate temperature). In the arsine supply period sub- 
sequent to the TMG supply period, a GaAs monatom- 
ic layer is formed on the GaAs substrate 104. By re- 
20 peating the formation of the monatomic layer, a 
growth layer having an evenness in units of atomic 
layers can be obtained. In forming a hetero interface, 
the interfacial sharpness can be controlled in units of 
atomic layers. 

25 A required thickness of the semiconductor layer 

in producing a variety of devices is within a range of 
several tens angstroms to several micrometers, the 
range corresponding to a thickness of several tens to 
several ten thousands atomic layers. Therefore, when 

30 it is attempted to grow a semiconductor layer for a va- 
riety of devices by the ALE method, the alternate sup- 
ply of the material gases must be repeated several 
tens to several ten thousands times per growth layer. 
However, since the changeover between the gas sup- 

35 ply periods has been performed by opening and clos- 
ing the control valve, the control valve is required to 
be opened and closed very frequently. Therefore, 
when a durability of the control valve is taken into ac- 
count, it has been unrealistic to produce, particularly, 

40 mass-produce devices by the ALE method. 

SUMMARY OF THE INVENTION 

The object of the present invention is therefore to 
45 provide a vapor growth apparatus and vapor growth 
method capable of alternately supplying a cation ma- 
terial gas (e.g., TMG) and an anion material gas (e.g., 
arsine) onto a substrate without performing such a 
frequent opening and closing of the control valve, 
so thereby allowing a compound semiconductor layer 
having an evenness and an interfacial sharpness in 
units of atomic layers to be grown with a good produc- 
tivity. 

In order to achieve th~e aforementioned 
55 the present invention provides a vapor growth appa- 
ratus for growing a compound semiconductor layer on 
a surface of a substrate maintained at a specified 
temperature in a growth chamber by alternately sup- 
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plying a cation material gas and an anion material gas 
and reacting the gases, wherein the growth chamber 
has a cylindrical portion which extends in a direction 
from an upstream side to a downstream side and an 
end plate which closes an upstream end portion of the s 
cylindrical portion, the end plate has in specified por- 
tions thereof a material gas supply inlet for supplying 
the cation material gas into the cylindrical portion and 
a material gas supply inlet for supplying the anion ma- 
terial gas into the cylindrical portion, and further com- 10 
prising exhaust means for discharging gas inside the 
cylindrical portion from a downstream side of the cyl- 
indrical portion, a substrate holder provided between 
the upstream side and the downstream side of the 
cylindrical portion and having a substrate holding sur- 15 
face, gas separation means for forming a plurality of 
material gas supply areas where the material gases 
are independently supplied to the substrate holding 
surface by separating flow paths of the material gas- 
es extending from the material gas supply inlets to the 20 
substrate holding surface, and drive means for rotat- 
ing the substrate holder with the substrate set on the 
substrate holding surface around a center line of the 
cylindrical portion. 

According to the vapor growth apparatus of the 25 
present invention, the growth of the compound sem- 
iconductor layer is performed in a manner as follows. 
A substrate is set on a specified portion of the sub- 
strate holding surface of the substrate holder, and the 
substrate is maintained at a specified temperature 30 
appropriate for the growth. In the above-mentioned 
condition, the cation material gas and the anion ma- 
terial gas are supplied from the material gas supply in- 
lets provided at the end plates of the growth chamber 
into the cylindrical portion. The supplied material gas- 35 
es are separated from each other by the gas separa- 
tion means, and reach the substrate holding surface 
of the substrate holder from the material gas supply 
inlets without being mixed with each other. Conse- 
quently, a plurality of material gas supply areas to 40 
which the material gases are independently supplied 
are formed on the substrate holding surface. In the 
above place, the substrate holder is made to rotate 
around the center line of the cylindrical portion. 
Therefore, the cation material gas and the anion ma- 45 
terial gas are alternately supplied to the surface of the 
substrate set on the substrate holding surface. With 
the above-mentioned operation, a compound semi- 
conductor layer grows on the surface of the substrate 
in units of atomic layers. Unre acted gas and the like so 
are discharged by the exhaust means on the down- 
stream side. Thus the flow paths of the material gas- 
es are separated from each other by the gas separa- 
tion means, and therefore the cation material gas and 
the anion material gas can be alternately supplied to 55 
the surface of the substrate by rotating the substrate 
holder. Therefore, the control valve ts not required to 
be frequently opened and closed for the changeover 



between the gas supply periods unlike the conven- 
tional case, resulting in eliminating the fear that the 
durability of the control valve will be impaired. There- 
fore, a compound semiconductor layer having an 
evenness and an interfacial sharpness in units of 
atomic layers is grown with a good productivity. 

According to the vapor growth apparatus of an 
embodiment, the substrate holding surface of the 
substrate holder is perpendicular to the center line of 
the cylindrical portion and has a circular configura- 
tion, and the center of the substrate holding surface 
exists In the center line of the cylindrical portion. 

With the above-mentioned arrangement, the gap 
between the substrate holder and the interior wall of 
the cylindrical portion is made constant with regard to 
the entire circumference of the substrate holder. Con- 
sequently, the conductance of exhaust is made con- 
stant with regard to the entire circumference of the 
substrate holder. Therefore, even when the substrate 
holder is rotated, no influence is exerted on the flow 
rate of each material gas. Therefore, the compound 
semiconductor layer is grown with a good controllabil- 
ity. 

According to the vapor growth apparatus of an 
embodiment, the gas separation means is comprised 
of at least one partition plate provided in a plane 
which includes the center line of the cylindrical portion 
and passes between the plural number of material 
gas supply inlets. 

With the above-mentioned arrangement, the flow 
paths of the material gases are simply effectively 
separated from each other. 

According to the vapor growth apparatus of an 
embodiment, the partition plates extend radially from 
the center line of the cylindrical portion to the interior 
wall of the cylindrical portion and intersect each other 
at a specified angle, where the angle is set according 
to the durations of the periods in which the material 
gases are supplied to the substrate. 

In the present case, by increasing the setting lev- 
el of the rotating speed (constant speed) of the sub- 
strate holder, the material gas supply periods for 
forming the compound semiconductor layer are each 
set at the necessary minimum duration. Therefore, 
the productivity is increased. Furthermore, since the 
drive means is required to rotate the substrate holder 
at a constant speed, a simplified rotation control is 
achieved. 

According to the vapor growth apparatus of an 
embodiment, a separation gas supply inlet for supply- 
ing separation gas having a characteristic that makes 
no contribution to growth reaction on the surface of 
the substrate is provided between the material gas 
supply^inlets at the end plate, the i gas separation 
means is comprised of a flow of the separation gas in 
a layer form extending from the separation gas supply 
inlet to the substrate holding surface. 

In the present case, the flow paths of the material 



3 



5 



EP 0 683 249 A1 



6 



gases can be separated from each other without pro- 
viding any additional member inside the cylindrical 
portion, thereby allowing a simplified maintenance to 
be achieved. 

According to the vapor growth apparatus of an s 
embodiment, the substrate holding surface of the 
substrate holder has a configuration corresponding to 
an exterior side surface of a pyramidal frustum hav- 
ing a center line coinciding with the center line of the 
cylindrical portion. 10 

In the present case, the area of the substrate 
holding surface can be expanded more than in the 
case where the substrate holding surface is provided 
perpendicular to the center line of the cylindrical por- 
tion. When the above-mentioned arrangement is 15 
adopted, a lot of substrates can be set on the sub- 
strate holding surface, thereby allowing an increased 
productivity to be achieved. 

According to the vapor growth apparatus of an 
embodiment, the substrate holding surface of the . 20 
substrate holder has a configuration corresponding to 
an interior side surface of a prism-shaped pipe having 
a center line coinciding with the center line of the cyl- 
indrical portion. 

With the above-mentioned arrangement, the 25 
area of the substrate holding surface can be expand- 
ed more than in the case where the substrate holding 
surface is provided perpendicular to the center line of 
the cylindrical portion. When the above-mentioned 
arrangement is adopted, a lot of substrates can be set 30 
on the substrate holding surface, whereby an in- 
creased productivity is achieved. 

The present invention provides a vapor growth 
method comprising the steps of: holding a substrate 
on a substrate holding surface of a substrate holder 35 
arranged between an upstream side and a down- 
stream side of a cylindrical portion of a growth cham- 
ber having the cylindrical portion which extends in 
one direction from the upstream side to the down- 
stream side and an end plate which closes an up- 40 
stream end portion of the cylindrical portion, main- 
taining the substrate at a specified temperature, 
forming material gas supply areas where material 
gases are independently supplied to corresponding 
portions of the substrate holding surface by supplying 45 
a cation material gas and an anion material gas from 
the upstream side through a plurality of material gas 
supply inlets into the cylindrical portion while prevent- 
ing the material gases from being mixed with each 
other inside the cylindrical portion by gas separation so 
means and discharging the material gases out of the 
cylindrical portion, and rotating the substrate holder 
around a center line of the cylindrical portion. 

According to thevapor growth method of an em- 
bodiment, the gas separation means is comprised of 65 
at least one partition plate arranged in a plane which 
includes the center line of the cylindrical portion and 
passes between the plural number of material gas 



supply inlets, and a rotating speed of the substrate 
holder is increased when the substrate traverses the 
plane in which the partition plate exists, and the ro- 
tating speed of the substrate holder is reduced or tem- 
porarily stopped when the substrate is located in each 
of the material gas supply areas. 

With the above-mentioned arrangement, the 
transitional period in which the cation material gas is 
supplied to a part of the surface of the substrate and 
the anion material gas is supplied to the remaining 
part of the surface of the substrate is substantially 
eliminated. Therefore, growth of an atomic layer hav- 
ing an excellent interfacial sharpness is achieved. 

According to the vapor growth method of an em- 
bodiment, the rotating speed of the substrate holder 
rotating around the center line of the cylindrical por- 
tion is changed according to the duration of the period 
in which each material gas is supplied to the sub- 
strate. For instance, when the substrate passes 
through the supply area of the material gas which re- 
quires a short supply time, the rotating speed of the 
substrate holder is increased. When the substrate 
passes through the supply area of the material gas 
which requires a long supply time, the rotating speed 
of the substrate holder is reduced. With the above- 
mentioned arrangement, each material gas supply 
period for forming the compound semiconductor layer 
is set at the necessary minimum duration. Therefore, 
an increased productivity is achieved. 

According to the vapor growth method of an em- 
bodiment, there are prepared two or more types of at 
least one of the cation material gas and the anion ma- 
terial gas, and the two or more types of material gases 
are supplied into the cylindrical portion through differ- 
ent material gas supply inlets, whereby two or more 
atomic layers are grown in one turn of the substrate 
holder. 

In the present case, a compound semiconductor 
layer having a composition of a variety of types is 
grown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully un- 
derstood from the detailed description given herein- 
below and the accompanying drawings which are giv- 
en by way of illustration only, and thus are not limita- 
tive of the present invention, and wherein: 

Fig. 1 is a diagram schematically showing the 
construction of a vapor growth apparatus accord- 
ing to a first embodiment of the present invention; 
Fig. 2A Is a plan view for explaining a vapor 
growth method performed by means of the vapor 
growth apparatus shown IrVFIg.'l;* 
Figs. 2B and 2C are charts for explaining the va- 
por growth method of Fig. 2A; 
Figs. 3 A and 3B are plan views for explaining va- 
por growth methods which are modifications of 
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the vapor growth method of Fig. 2A. 
Figs. 3C and 3D are charts for explaining the va- 
por growth methods of Figs. 3A and 3B; 
Fig. 4 is a diagram showing the construction of a 
vapor growth apparatus according to a second 5 
embodiment of the present invention; 
Fig. 5A is a plan view for explaining a vapor 
growth method performed by means of the vapor 
growth apparatus shown in Fig. 4; 
Figs. 5B, 5C and 5D are charts for explaining the 10 
vapor growth method of Fig. 5A; 
Fig. 6 is a diagram showing the construction of a 
vapor growth apparatus according to a third em- 
bodiment of the present invention; 
Fig. 7A is a plan view for explaining a vapor 15 
growth method performed by means of the vapor 
growth apparatus shown in Fig. 6; 
Figs. 7B, 7C and 7D are charts for explaining the 
vapor growth method of Fig. 7A; 
Fig. 8A is a plan view for explaining another vapor 20 
growth method performed by means of the vapor 
growth apparatus shown in Fig. 4; 
Figs. 8B, 8C, 8D, 8E, 8F and 8G are charts for ex- 
plaining the vapor growth method of Fig. 8A; 
Fig. 9A is a plan view for explaining a vapor 25 
growth method performed by means of a modifi- 
cation of the vapor growth apparatus shown in 
Fig. 6; 

Figs. 9B, 9C, 9D and 9E are charts for explaining 
the vapor growth method of Fig. 9A; 30 
Fig. 1 0A is a plan view for explaining another va- 
por growth method performed by means of the 
vapor growth apparatus shown in Fig. 6; 
Figs. 10B, 10C and 10D are charts for explaining 
the vapor growth method of Fig. 10A; 35 
Fig. 11 is a diagram showing the construction of 
a vapor growth apparatus according to a fourth 
preferred embodiment of the present invention; 
Fig. 12 is a diagram showing the construction of 
a vapor growth apparatus according to a fifth pre- ao 
ferred embodiment of the present invention; 
Fig. 13 is a diagram showing a conventional va- 
por growth apparatus; and 
Figs. 14 A, 14Band 14C are charts for explaining 
a vapor growth method performed by means of 45 
the conventional vapor growth apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

50 

The vapor growth apparatus and vapor growth 
method of the present invention will be described in 
detail based on several embodiments thereof with 
reference to me acxx)mpanying drawings. 

Fig. 1 shows the construction of a vapor growth 65 
apparatus according to a first embodiment of the 
present invention. The vapor growth apparatus has 
an approximately cylinder-shaped growth chamber 1. 



The growth chamber 1 has a cylindrical portion 1b 
which extends in a vertical direction, a lid portion 1a 
which serves as an end plate for closing an upstream 
end portion of the cylindrical portion 1b, and a bottom 
portion 1c for closing the downstream end of the cyl- 
indrical portion 1 b. At the lid portion 1a, a supply inlet 
2 for supplying a cation material gas into the growth 
chamber 1 and a supply inlet 3 for supplying an anion 
material gas into the growth chamber 1 are provided 
in positions symmetrical about the center of the lid 
portion 1a. Below the growth chamber 1 is vertically 
provided a cylindrical support pipe 9 which has a di- 
ameter smaller than that of the cylindrical portion 1b 
and supports the growth chamber 1. The growth 
chamber 1 is communicated with the support pipe 9 
through an opening provided at the center of the bot- 
tom portion 1c, and the support pipe 9 is communicat- 
ed with an exhaust pipe 10 provided at a peripheral 
surface thereof. Gas existing inside the cylindrical 
portion 1b of the growth chamber 1 is discharged 
through the support pipe 9 and the exhaust pipe 10 
by a vacuum pump (not shown) which serves as an 
exhaust means. Inside the support pipe 9 are provid- 
ed a drive shaft 7 and a drive motor (not shown) which 
serve as a drive means. 

At an approximately middle level of the cylindrical 
portion 1b is provided a disk-shaped substrate holder 
5 horizontally, i.e., perpendicular to the center line of 
the cylindrical portion 1b. An upper surface 20 of the 
substrate holder 5 faces the material gas supply inlets 
2 and 3 at the lid portion la, and serves as a substrate 
holding surface on which a substrate 4 is set in a 
growth stage. The center of the substrate holder 5 ex- 
ists in the center line of the cylindrical portion 1 b, and 
the outer diameter size of the substrate holder 5 is set 
smaller than the inner diameter size of the cylindrical 
portion 1b. Consequently, there is achieved a con- 
stant gap between the substrate holder 5 and the in- 
terior wall of the cylindrical portion 1b with regard to 
the entire circumference. Therefore, a constant con- 
ductance of exhaust in a growth stage is achieved 
with regard to the entire circumference of the sub- 
strate holder 5. Even when the substrate holder 5 is 
rotated, no influence is exerted on the flow rate of 
each material gas. Therefore, a compound semicon- 
ductor layer can be grown on the substrate 4 with a 
good controllability in a manner as described herein- 
after. 

The substrate holder 5 is supported by the drive 
shaft 7 extending from the drive motor inside the sup- 
port pipe 9 provided below. The axial center of the 
drive shaft 7 coincides with the center line of the cyl- 
indrical portion 1b, and a tip end of the drive shaft 7 
is*<x>rin^^ the 
substrate holder 5. In the growth stage, the substrate 
holder 5 is rotated around the center line of the cylin- 
drical portion 1 b by the drive motor via the drive shaft 
7. The substrate holder 5 has therein a built-in heater 
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(not shown) which generates heat by receiving an 
electricity, thereby allowing the entire area of the sub- 
strate holding surface 20 to be uniformly maintained 
at a specified temperature in the growth stage. 

Inside the cylindrical portion 1 b is provided a par- s 
tition plate 6 which serves as a gas separation 
means. The partition plate 6 is arranged in a plane 
which includes the center line of the cylindrical portion 

1 b and passes between the material gas supply inlets 

2 and 3, thereby separating the inside of the cylindri- 1 o 
cal portion 1 b into two areas corresponding to the re- 
spective material gas supply inlets 2 and 3. The par- 
tition plate 6 is put in contact with the interior walls of 

the lid portion 1a, the cylindrical portion 1b t and the 
bottom portion 1c. In a portion where the above- 15 
mentioned plane intersects the substrate holder 5 
and the drive shaft 7, the partition plate 6 is formed 
with a cut portion along the configurations of the 
members 5 and 7 so that the members 5 and 7 can 
rotate without friction. The partition plate 6 separates 20 
the flow paths of the material gases extending from 
the material gas supply inlets 2 and 3 to the substrate 
holding surface 20 from each other in the growth 
stage, thereby forming two material gas supply areas 
where the material gases are independently supplied 25 
to the substrate holding surface 20. Since the parti- 
tion plate 6 is a mere plate, the flow paths of the ma- 
terial gases can be separated from each other simply 
and effectively. 

By means of the above-mentioned vapor growth 30 
apparatus, a GaAs layer is to be grown as a com- 
pound semiconductor layer on the GaAs substrate 4. 

The substrate 4 is set between the center and the 
periphery of the substrate holding surface 20 of the 
substrate holder 5. The substrate 4 is maintained at 35 
a specified temperature (400 to 550°C) by the built- 
in heater of the substrate holder 5. Under the above- 
mentioned condition, tri methyl gallium (TMG) which 
serves as a cation material gas and arsine which 
serves as an anion material gas are supplied into the 40 
cylindrical portion 1 b through the material gas supply 
inlets 2 and 3. It is to be noted that the flow rate of 
TMG is set at 20 SCCM, the flow rate of arsine is set 
at 200 SCCM, and the TMG and arsine are each ac- 
celerated by hydrogen gas at a flow rate of 5 SLM. 45 
Meanwhile, the gas inside the cylindrical portion 1 b is 
discharged by the vacuum pump through the support 
pipe 9 and the exhaust pipe 10 provided on the down- 
stream side, whereby a pressure of 20 Torr is ach- 
ieved Inside the growth chamber 1 . As a result, a high- so 
speed gas flow is generated inside the cylindrical por- 
tion 1b. 

The TMG and arsine supplied into the cylindrical 
portion 1b through trie material gas" supply Inlets 2 
and 3 are separated from each other by the partition 65 
plate 6, and then reach the substrate holding surface 
20 of the substrate holder 5 without being mixed with 
each other Consequently, as shown in Fig. 2A, two 



material gas supply areas (a TMG supply area and an 
arsine supply area) 21 and 22 to which the TMG and 
arsine are independently supplied are formed on the 
substrate holding surface 20. In the above- 
mentioned situation, the substrate holder 5 is rotated 
around the center line of the cylindrical portion 1b by 
the drive motor. Therefore, the TMG and arsine are al- 
ternately supplied to the surface of the substrate 4 set 
on the substrate holding surface 20 in a manner as 
shown in Figs. 28 and 2C. In other words, a gas sup- 
ply cycle composed of two periods of a TMG supply 
period and an arsine supply period is formed. Assum- 
ing that the rotating speed of the substrate holder 5 
is six turns per minute (constant speed), the GaAs 
substrate 4 is put in contact with each of the TMG and 
arsine for 5 seconds. Through the above-mentioned 
process, a GaAs monatomic layer (having a thickness 
of about 2.8 A) was able to be grown on the surface 
of the substrate 4 every one turn. 

As described above, since the flow paths of the 
material gases are separated from each other by the 
partition plate 6 in the present vapor growth appara- 
tus, the cation material gas and the anion material 
gas can be alternately supplied to the surface of the 
substrate 4 by rotating the substrate holder 5. The 
above-mentioned arrangement obviates the need of 
frequently opening and closing the control valve for 
the changeover between the material gas supply per- 
iods unlike the conventional case, resulting in elimin- 
ating the fear that the durability of the control valve 
will be impaired. Furthermore, control factors in per- 
forming the atomic layer growth by means of the pres- 
ent vapor growth apparatus are growth chamber 
pressure, substrate temperature, gas flow rate, and 
the rotating speed of the substrate holder, which can 
be easily controlled. 

Therefore, a compound semiconductor layer hav- 
ing an evenness and an interfacial sharpness in units 
of atomic layers can be grown with a good productiv- 
ity. With the above-mentioned arrangement, light 
emitting devices and high-frequency devices having 
excellent evenness and interfacial sharpness can be 
produced. 

Furthermore, since the gas inside the cylindrical 
portion 1b is speedily discharged by the vacuum 
pump, there is generated no convection inside the cyl- 
indrical portion 1b. Furthermore, since the gap be- 
tween the substrate holder 5 and the interior wall of 
the cylindrical portion 1b is made constant with regard 
to the entire circumference, no influence Is exerted on 
the flow rate of the TMG and arsine even when the 
substrate holder 5 is rotated. Therefore, as described 
hereinbefore, the GaAs layer can be grown on the 
sublstrate 4 wltHi a good raMrollabilit yl * 

It is to be noted that, when trimethyl aluminum 
(TMA) is used as the anion material gas instead of 
TMG, two atomic layers (having a thickness of about 
5.7 A) can be grown in one turn. 
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Furthermore, although the rotating speed of the 
substrate holder 5 is made constant, the present in- 
vention is not limited to this. For instance, it is accept- 
able to increase the rotating speed of the substrate 
holder 5 when the substrate 4 passes just below the 
partition plate 6 and reduce the rotating speed or tem- 
porarily stop the rotation of the substrate holder 5 
when the substrate 4 is located in a position other 
than the position just below the partition piate 6. With 
the above-mentioned arrangement, a transitional 
period in which the TMG is supplied to a part of the 
surface of the substrate 4 and the arsine is supplied 
to the remaining part of the surface of the substrate 
4 is substantially eliminated. Therefore, growth of an 
atomic layer having an excellent interfacial sharpness 
is achieved. 

As is known, there is required a time of several 
seconds to form a TMG mono-molecular deposition 
layer on the GaAs substrate 4. However, a time short- 
er than the above-mentioned time is sufficient for the 
growth of the GaAs mon atomic layer through reaction 
with arsine. In the aforementioned case, it is consid- 
ered that the arsine supply period is set longer than 
required. 

Therefore, as shown in Fig. 3A, the rotating 
speed of the substrate holder 5 may be changed ac- 
cording to the duration of the period in which each of 
TMG and arsine is supplied to the substrate 4. For in- 
stance, the rotating speed at the time when the sub- 
strate 4 passes through the arsine supply area 22 is 
made greater than the rotating speed at the time 
when the substrate 4 passes through the TMG supply 
area 21 . With the above-mentioned arrangement, the 
TMG supply period and the arsine supply period for 
forming the GaAs layer can be each set at the neces- 
sary minimum duration in a manner as shown in Fig. 
3C. Therefore, the productivity can be increased. 

Furthermore, in a manner as shown in Fig. 3B, it 
is acceptable to make constant the rotating speed of 
the substrate holder 5, make a partition plate 6' ex- 
tend radially from the center line to the interior wall of 
the cylindrical portion 1b making a specified angle, 
and set the angle according to the duration of the per- 
iod in which each of the TMG and arsine is supplied 
to the substrate 4. In the present case, by increasing 
the setting level of the rotating speed (constant 
speed) of the substrate holder 5, the TMG supply per- 
iod and the arsine supply period for forming the GaAs 
layer can be each set at the necessary minimum dur- 
ation in a manner as shown in Figs. 3C and 3D. There- 
fore, the productivity can be increased. Furthermore, 
since the substrate holder 5 is allowed to rotate at a 
constant speed, the rotation control can be easily per- 
formed. . - . ^ . . 

Fig. 4 shows the construction of a vapor growth 
apparatus according to a second embodiment of the 
present invention. It is to be noted that the same com- 
ponents as those shown in Fig. 1 are denoted by the 



same reference numerals, and no description therefor 
is provided herein. 

The present vapor growth apparatus uses a sep- 
aration gas having a characteristic that makes no 

5 contribution to the growth reaction on the surface of 
the substrate 4 instead of the partition plate 6 of the 
vapor growth apparatus shown in Fig. 1. In detail, 
separation gas supply inlets 8, 8, and 8 for supplying 
a separation gas are provided in a straight line pass- 
to ing between the material gas supply inlets 2 and 3 at 
the lid portion 1a of the growth chamber 1. In the 
growth stage, a layer-like flow of the separation gas 
extending from the separation gas supply inlets 8, 8, 
and 8 to the substrate holding surface 20 is formed. 

15 By means of the above-mentioned vapor growth 
apparatus, a GaAs layer is grown as a compound 
semiconductor layer on the GaAs substrate 4 in the 
same manner as in the previous embodiment. Tri me- 
thyl gallium (TMG) is used as a cation material gas, 

20 arsine is used as an anion material gas, and hydrogen 
is used as a separation gas. There is provided the 
same growth condition as that of the previous em- 
bodiment, i.e., the condition of a substrate tempera- 
ture of 400 to 550°C, a pressure of 20 Ton* inside the 

25 growth chamber 1 , a TMG flow rate of 20 SCCM, an 
arsine flow rate of 200 SCCM, and acceleration of the 
TMG and arsine with hydrogen gas each at a flow rate 
of 5 SLM. The flow rate of the separation-use hydro- 
gen gas is set at 10 SLM at each inlet The rotating 

30 speed of the substrate holder5 is six turns per minute 
(constant speed). 

The TMG and arsine supplied into the cylindrical 
portion 1b through the material gas supply inlets 2 
and 3 are separated from each other by the flow of the 

35 hydrogen gas in a layer form, and then reach the sub- 
strate holding surface 20 of the substrate holder 5 
without being mixed with each other. Consequently, 
as shown in Fig. 5A, a TMG supply area 31 and an ar- 
sine supply area 32 are separated from each other by 

40 a separation area 33 achieved by the hydrogen gas 
on the substrate holding surface 20. In the above- 
mentioned situation, the substrate holder 5 is rotated 
around the center line of the cylindrical portion 1b 
shown in Fig. 4. Consequently, as shown in Figs. 5B, 

45 5C and 5D, there is formed a gas supply cycle com- 
posed of four periods of a TMG supply period, a sep- 
aration period by means of hydrogen, an arsine sup- 
ply period, and a separation period by means of hy- 
drogen. With the above-mentioned arrangement, a 

50 GaAs monatomic layer was able to be grown on the 
surface of the substrate 4 every one turn. 

In the present vapor growth apparatus, the flow 
paths of the material gases can be separated from 
each other WltKbtft'^viding- any ad dlticlial member 

65 inside the cylindrical portion 1 b, which leads to an ad- 
vantage that the maintenance of the apparatus can 
be simplified. 

It is to be noted that the separation gas Is not lim- 
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ited to the hydrogen gas, and the gas is merely re- 
quired to be a gas having a characteristic that makes 
no contribution to the growth reaction on the surface 
of the substrate. For instance, the same effect can be 
produced when inactive gas such as argon or helium 
is used. 

Figs. 8A through 8G show an example in which a 
GaN layer is grown as a compound semiconductor 
layer on sapphire substrates 4Aand 4B by means of 
the vapor growth apparatus shown in Fig. 4. Tri methyl 
gallium (TMG) is used as a cation material gas, am- 
monia is used as an anion material gas, and hydrogen 
is used as a separation gas. 

As shown in Fig. 8A ( the substrates 4 A and 4B are 
set between the center and the periphery of the sub- 
strate holding surface 20 of the substrate holder 5 
symmetrically about the center, and the substrate 
temperature is maintained at 500°C. Through the ma- 
terial gas supply inlets 2 and 3 shown in Fig. 4, the 
TMG and ammonia are supplied into the cylindrical 
portion 1b. The flow rate of TMG is set at 20 SCCM, 
and acceleration is performed by means of the hydro- 
gen gas of a flow rate of 5 SLM. The flow rate of am- 
monia is set at 5 SLM. It is to be noted that the sepa- 
ration gas is not flowed in this point of time. The pres- 
sure inside the growth chamber 1 is set at 760 Torr by 
adjusting the displacement of the vacuum pump. The 
rotating speed of the substrate holder 5 is set at about 
2000 turns per minute. Since the separation gas is not 
flowed, the TMG and ammonia are mixed with each 
other on the two substrates 4Aand 4B, thereby grow- 
ing a GaN buffer layer in the normal MOVPE mode. 
The reason why the rotating speed of the substrate 
holder 5 is increased to the high value of 2000 turns 
per minute is to ensure a uniformity in thickness of the 
growth layer. 

Subsequently, a GaN atomic layer is grown on 
the GaN buffer layer. In detail, the substrate temper- 
ature is elevated and maintained within a range of 800 
to 1 000°C. With the flow rates of the TMG and ammo- 
nia kept intact, hydrogen gas is flowed through the 
separation gas supply inlets 8, 8, and 8 at a rate of 10 
SLM at each inlet. The pressure inside the growth 
chamber 1 is set at 200 Torr by adjusting the displace- 
ment of the vacuum pump. Then the rotating speed of 
the substrate holder 5 is set at about 10 turns per min- 
ute. 

The TMG and ammonia supplied into the cylindri- 
cal portion 1b through the material gas supply inlets 
2 and 3 are separated from each other by the flow of 
the hydrogen gas in a layer form, and then reach the 
substrate holding surface 20 of the substrate holder 
5 without being mixed with each other. Consequently, 
in a manner as shown in Flg. r 8A, atMG supply area 
51 and an ammonia supply area 52 are separated 
from each other by a separation area 53 achieved by 
the hydrogen gas on the substrate holding surface 
20. In the above-mentioned situation, the substrate 



holder 5 is rotated around the center line of the cylin- 
drical portion 1b shown in Fig. 4. Consequently, in re- 
gard to the substrate 4A, as shown in Figs. 8B to 8D, 
there is formed a as supply cycle composed of four 

5 periods of a TMG supply period, a separation period 
by means of hydrogen, an ammonia supply period, 
and a separation period by means of hydrogen. On 
the other hand, in regard to the substrate 4B, as 
shown in Figs. 8E to 8G, there is formed a gas supply 

10 cycle composed of four periods of an ammonia supply 
period, a separation period by means of hydrogen, a 
TMG supply period, and a separation period by 
means of hydrogen in a phase reverse to that of the 
substrate 4 A Although the gas supply cycles of the 

15 substrates 4A arid 4B are reverse to each other, there 
is grown a GaN layer on either one of the substrates 
4 A and 4B in an atomic layer growth mode. Actually, 
a 6aN monatomic layer (having a thickness of about 
2.6 A) was able to be grown every one turn. 

20 It is to be noted that the number of substrates is 

of course not limited to two, and there may be any 
number of substrates so long as the substrates can 
be mounted on the substrate holding surface 20. 
Fig. 6 shows the construction of a vapor growth 

25 apparatus according to a third embodiment of the 
present invention. It is to be noted that the same com- 
ponents as those shown in Figs. 1 and 4 are denoted 
by the same reference numerals, and no description 
therefor is provided herein. 

30 The present vapor growth apparatus concurrent- 

ly uses partition plates 6 A and 6B together with a sep- 
aration gas as a gas separation means. In detail, sep- 
aration gas supply inlets 8 and 8 for supplying the 
separation gas are provided in a straight line passing 

35 between the material gas supply inlets 2 and 3 at the 
lid portion 1a of the growth chamber 1. On the other 
hand, inside the cylindrical portion 1b are provided 
partition plates 6Aand 6B. The partition plates 6Aand 
6B intersect each other in the center line of the cylin- 

40 drical portion 1 b, thereby separating the inside of the 
cylindrical portion 1b into four areas corresponding to 
the material gas supply inlets 2 and 3 and the sepa- 
ration gas supply inlets 8 and 8. An angle at which the 
partition plates 6A and 6B intersect each other is set 

45 according to the durations of the periods in which the 
material gases are supplied to the substrate 4. The 
partition plates 6A and 6B separate the flow paths of 
the material gases and hydrogen gas extending from 
the material gas supply inlets 2 and 3 and the sepa- 

50 ration gas supply inlets 8 and 8 to the substrate hold- 
ing surface 20 in the growth stage. Since the partition 
plates 6A and 6B and the separation gas are concur- 
rently used, the flow paths of the material gases can 
be f urther"sijrely serrated f rbm eacH"oth"er. 

55 A zinc selenide layer is to be grown as a com- 

pound semiconductor layer on a GaAs substrate 4. 
Diethyl zinc (DEZ) of one system Is used as a cation 
material gas, hydrogen selenide of one system is 
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used as an anion material gas, and hydrogen of two 
systems are used as a separation gas. There is pro- 
vided a growth condition of a substrate temperature 
of 200 to 300°C, a pressure of 10 Torr inside the 
growth chamber 1, a DEZflow rate of 10 SCCM, a hy- 
drogen selenide flow rate of 200 SCCM, and acceler- 
ation of each of the DEZ and hydrogen selenide with 
hydrogen gas each at a flow rate of 3 SLM. The flow 
rate of the separation-use hydrogen gas is 5 SLM at 
each inlet The rotating speed of the substrate holder 
5 is ten turns per minute (constant speed). 

As shown in Figs. 6 and 7A, the DEZ, hydrogen 
selenide, and hydrogen of two systems supplied into 
the cylindrical portion 1b through the material gas 
supply inlets 2 and 3 and the separation gas supply 
inlets 8 and 8 are separated from each other by the 
partition plates 6A and 6B, and then reach the sub- 
strate holding surface 20 of the substrate holder 5 
without being mixed with each other. In the present 
example, as shown in Fig. 7A, a DEZ supply area 41 , 
a separation area 42 by means of hydrogen, a hydro- 
gen selenide supply area 43, and a separation area 
44 by means of hydrogen are sequentially formed on 
the substrate holding surface 20 in the circumferen- 
tial direction. In the above-mentioned situation, the 
substrate holder 5 is rotated around the center line of 
the cylindrical portion 1b shown in Fig. 6. Conse- 
quently, as shown in Figs. 7B, 7C and 7D, there is 
formed a gas supply cycle composed of four periods 
of a DEZ supply period, a separation period by means 
of hydrogen, a hydrogen selenide supply period, and 
a separation period by means of hydrogen. With the 
above-mentioned arrangement, a zinc selenide 
monatomic layer (having a thickness of about 2.8 A) 
was able to be grown on the surface of the substrate 
4 every one turn. 

It is to be noted that the number of partition plates 
is not limited to two. Three or more partition plates 
may be provided and made to intersect each other in 
the center line of the cylindrical portion 1 b at specified 
angles. When the above-mentioned arrangement is 
adopted, the supply systems of material gases and 
separation gas can be increased in number by provid- 
ing a supply system of a material gas or a supply sys- 
tem of a separation gas for every area separated by 
the partition plates. Therefore, various types of com- 
pound semiconductor layers can be grown on the 
substrate. 

Figs. 9A, 9B, 9C, 9D, and 9E show an example 
in which a Gao-slrW* layer is grown as a compound 
semiconductor layer on a GaAs substrate 4 by means 
of a vapor growth apparatus of which partition plates 
are increased in number to three and the other parts 
of which are similar to those of Fig. 3. 

The vapor growth apparatus used herein concur- 
rently uses partition plates 6A, 6B, and 6C as a gas 
separation means and two systems of hydrogen as a 
separation gas In a manner as shown In Fig. 9A. The 



partition plates 6A, 6B, and 6C are intersecting each 
other at specified angles in the center line of the cyl- 
indrical portion 1b shown in Fig. 6. The angles at 
which the partition plates 6A, 6B, and 6C intersect 

5 each other are set according to the durations of the 
periods in which the material gases are supplied to 
the substrate 4. There are used material gases of 
three types of four systems. In detail, one system of 
TMG and one system of tri methyl indium (TMI) are 

10 used as a cation material gas. There is used phos- 
phine of two systems as an anion material gas. There 
is provided a growth condition of a substrate temper- 
ature of 300 to 500°C, a pressure of 20 Torr inside the 
growth chamber 1, a TMG flow rate of 10 SCCM, a 

15 TMI flow rate of 10 SCCM, a phosphine flow rate of 
100 SCCM at each area, and acceleration of the 
TMG, TMI, and phosphine with hydrogen gas each at 
a flow rate of 3 SLM. The flow rate of the separation- 
use hydrogen gas is 3 SLM. The rotating speed of the 

20 substrate holder 5 is three turns per minute (constant 
speed). 

The TMG, TMI, phosphine of two systems, and 
hydrogen of two systems supplied into the cylindrical 
portion 1b through the material gas supply inlets are 

25 separated from each other by the partition plates 6A, 
6B, and 6C, and then reach the substrate holding sur- 
face 20 of the substrate holder 5 without being mixed 
with each other. In the present example, in a manner 
as shown in Fig. 9A, a TMG supply area 61, a phos- 

30 phine supply area 62, a separation area 63 by means 
of hydrogen, a TMI supply area 64, a phosphine sup- 
ply area 65, and a separation area 66 by means of hy- 
drogen are sequentially formed in the circumferential 
direction on the substrate holding surface 20. In the 

35 above-mentioned situation, the substrate holder 5 is 
rotated around the center line of the cylindrical portion 
1 b shown in Fig. 6. Consequently, there is formed a 
gas supply cycle composed of six periods of a TMG 
supply period, a phosphine supply period, a separa- 

40 tion period by means of hydrogen, a TMI supply per- 
iod, a phosphine supply period, and a separation per- 
iod by means of hydrogen in a manner as shown in 
Figs. 9B, 9C t 9D and 9E. 

With the above-mentioned arrangement, a pair of 

45 superlattice structures of (GaP^lnP)! (having a 
thickness of about 5.6 A) was able to be grown on the 
surface of the substrate 4 every one turn. A stack of 
the above-mentioned superlattice structures func- 
tions as a Gao.5lno.5P layer. 

so Figs. 10A, 10B, 10C and 10D show an example 
in which a Gao.5lno.5P layer is grown as a compound 
semiconductor layer on a GaAs substrate 4 by means 
of the vapor growth apparatus shown in Fig. 6. 
In a manner as shown in FigT. 1 0A," there are used 

65 TMG and TMI (referred to as (TMG + TMI)) as a cation 
material gas to be supplied concurrently to one sys- 
tem, and phosphine of one system is used as an anion 
material gas. There is used hydrogen of two systems 



9 



17 



EP 0 683 249 A1 



18 



as a separation gas. There is provided a growth con- 
dition of a substrate temperature of 300 to 500°C, a 
pressure of 20 Torr inside the growth chamber 1, a 
TMG flow rate of 5 SCCM, a TMI flow rate of 10 
SCCM, a phosphine flow rate of 200 SCCM, and ac- s 
celeration of the TMG, TMI, and phosphine with hy- 
drogen gas each at a flow rate of 3 SLM. The flow rate 
of the separation-use hydrogen gas is 3 SLM. The ro- 
tating speed of the substrate holder 5 is three turns 
per minute (constant speed). to 

In the present example, a (TMG + TMI) supply 
area 71 , a separation area 72 by means of hydrogen, 
a phosphine supply area 73, and a separation area 74 
by means of hydrogen are sequentially formed in the 
circumferential direction on the substrate holding sur- 1 5 
face 20. In the above-mentioned situation, the sub- 
strate holder 5 is rotated around the center line of the 
cylindrical portion 1b shown in Fig. 6. Consequently, 
as shown in Figs. 10B, 10C and 10D, there is formed 
a gas supply cycle composed of four periods of a 20 
(TMG + TMI) supply period, a separation period by 
means of hydrogen, a phosphine supply period, and 
a separation period by means of hydrogen. 

With the above-mentioned arrangement, a 
Gao. 6 ln 0 ^ P monatomic layer (having a thickness of 25 
about 2.8 A) was able to be grown on the surface of 
the substrate 4 every one turn. 

Although the compound semiconductor layer 
grown on the substrate has a composition of one type 
in each of the aforementioned examples, the com- 30 
pound semiconductor layer may have compositions 
of a variety of types by changing the type of the ma- 
terial gas in the course of the growth process. Fur- 
thermore, in order to give a conductivity to the com- 
pound semiconductor layer to be grown, a material 35 
gas containing an impurity element may be used. 

Although an organic metal compound is used as 
a cation material gas in each of the aforementioned 
examples, there may be used a material gas other 
than the organic metal compound, such as a halogen 40 
compound. 

Although the growth chamber 1 has the cylindri- 
cal portion 1b which extends in a vertical direction in 
each of the vapor growth apparatuses shown in Figs. 
1 , 4, and 6, the present invention is not limited to this. 45 
It is acceptable to arrange the cylindrical portion in a 
horizontal direction and flow the material gases and 
separation gas in the horizontal direction. 

The substrate holder 5 may be a high-frequency 
heating type effected with provision of a colt around 50 
the cylindrical portion 1b instead of the built-in heater 
type. 

Fig. 11 shows the construction of a vapor growth 
apparatus according tb~a fourth preferred embodi- 
ment of the present invention. It is to be noted that the 55 
same components as those shown in Fig. 1 are de- 
noted by the same reference numerals, and no de- 
scription therefor is provided herein. 



In the present vapor growth apparatus, an ap- 
proximately cone frustum-shaped substrate holder 
1 5 having a center line coinciding with the center line 
of the cylindrical portion 1b is provided at an approx- 
imately middle level of the cylindrical portion 1b. An 
exterior side surface 30 of the substrate holder 1 5 has 
a pyramidal configuration (pyramidal configuration 
having a polygonal transverse section) rather than a 
conical configuration. Each segmented small surface 
between adjacent ridgelines of the exterior side sur- 
face 30 has a flatness such that it can allow a sub- 
strate 4 to adhere thereto, and serves as a substrate 
holding surface on which the substrate 4 is set in the 
growth stage. In the case of the present substrate 
holder 15, the area of the substrate holding surface 
30 can be expanded more than in the case where the 
substrate holding surface is provided horizontally. 
Therefore, a lot of substrates 4, 4, ...can be set on the 
substrate holding surface 30, which resulting in an 
improved productivity. 

In the present example, a lower edge of the sub- 
strate holder 15 has a circular configuration, and its 
outer diameter size is set smaller than the inner diam- 
eter size of the cylindrical portion 1b. The center line 
of the substrate holder 15 is coinciding with the center 
line of the cylindrical portion 1b, and consequently a 
gap between the lower edge and the interior wall of 
the cylindrical portion 1 b is made constant throughout 
the entire circumference. Therefore, the conductance 
of exhaust is made constant with regard to the entire 
circumference of the substrate holder 15. Even when 
the substrate holder 15 is rotated, no influence is 
exerted on the flow velocity of each material gas. 
Therefore, a compound semiconductor layer can be 
grown on the substrate 4 with a good controllability. 

Furthermore, a partition plate 16 having a cut 
portion along the configurations of the substrate 
holder 15 and the drive shaft 7 is provided as a gas 
separation means inside the cylindrical portion 1b. 
The partition plate 16 is provided in a plane which in- 
cludes the center line of the cylindrical portion 1b and 
passes between the material gas supply inlets 2 and 
3, thereby separating the inside of the cylindrical por- 
tion 1b into two areas corresponding respectively to 
the material gas supply inlets 2 and 3. Since the flow 
paths of the material gases are separated from each 
other by the partition plate 16, a cation material gas 
and an anion material gas can be alternately supplied 
to the surface of the substrate 4 by rotating the sub- 
strate holder 15. Therefore, a compound semicon- 
ductor layer having an evenness and an interfacial 
sharpness in units of atomic layers can be grown with 
a good productivity. With the above-mentioned ar- 
rangemerit, light ehiitting'devi^ 
devices having excellent evenness and interfacial 
sharpness can be produced. 

Fig. 12 shows the construction of a vapor growth 
apparatus according to a fifth preferred embodiment 
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of the present invention. It is to be noted that the same 
components as those shown in Fig. 1 are denoted by 
the same reference numerals, and no description 
therefor is provided herein. 

In the present vapor growth apparatus, an ap- s 
proximately cylinder-shaped substrate holder 25 hav- 
ing a center line coinciding with the center line of the 
cylindrical portion 1 b is provided inside the cylindrical 
portion 1 b. The substrate holder 25 is supported by 
the drive shaft 7 which extends from the drive motor 10 
inside the support pipe 9 provided below and arm 
members (not shown) which extends from the circum- 
ference of the drive shaft 7 to a lower end of the sub- 
strate holder 25. An interior surface 40 of the sub- 
strate holder 25 has a prismatic configuration (pris- 15 
matic configuration having a polygonal transverse 
section) rather than a cylindrical configuration. Each 
segmented smail surface between adjacent valleys 
lines of the interior surface 40 has a f fatness such that 
it can allow a substrate 4 to adhere thereto, and 20 
serves as a substrate holding surface on which the 
substrate 4 is set in the growth stage. In the case of 
the substrate holder 25, the area of the substrate 
holding surface 40 can be expanded more than in the 
case where the substrate holding surface is provided 25 
horizontally, Therefore, a lot of substrates 4, 4, ... can 
be set on the substrate holding surface 40, which re- 
sulting in an improved productivity. 

In the present case, the substrate holder 25 has 
an approximately cylinder-shaped configuration. 30 
Therefore, even when the substrate holder 25 rotates 
in the growth stage, no influence is exerted on the 
speed of flow of each material gas. Therefore, a com- 
pound semiconductor layer can be grown on the sub- 
strate 4 with a good controllability. 35 

Furthermore, a partition plate 26 having an ap- 
proximately T-shaped configuration is provided as a 
gas separation means inside the cylindrical portion 
1 b. The partition plate 26 is provided in a plane which 
includes the center line of the cylindrical portion 1b 40 
and passes between the material gas supply inlets 2 
and 3, thereby separating the inside of the cylindrical 
portion 1b into two areas corresponding respectively 
to the material gas supply inlets 2 and 3. Since the 
flow paths of the material gases are separated from 45 
each other by the partition plate 26, a cation material 
gas and an anion material gas can be alternately sup- 
plied to the surface of the substrate 4 by rotating the 
substrate holder 25. Therefore, a compound semi- 
conductor layer having an evenness and an Interfa- 50 
cial sharpness in units of atomic layers can be grown 
with a good productivity. With the above-mentioned 
arrangement, light emitting devices and high- 
frequency devices having excellent evenness and ln- 
terfacial sharpness can be produced. 55 

As is apparent from the above description, the 
flow paths of the material gases are separated from 
each other by the gas separation means in the vapor 



growth apparatus of the present invention, and there- 
fore the cation material gas and the anion material 
gas can be alternately supplied to the surface of the 
substrate by rotating the substrate holder. With the 
above-mentioned arrangement, the control valve is 
not required to be frequently opened and closed for 
the changeover between the material gas supply per- 
iods unlike the conventional case, resulting in elimin- 
ating the fear that the durability of the control valve 
will be impaired. Further, a compound semiconductor 
layer having an evenness and an interfacial sharp- 
ness in units of atomic layers can be grown with a 
good productivity. 

According to the vapor growth apparatus of an 
embodiment, the substrate holding surface of the 
substrate holder is perpendicular to the center line of 
the cylindrical portion and has a circular configura- 
tion, and the center of the substrate holding surface 
exists in the center line of the cylindrical portion. With 
the above-mentioned arrangement, the gap between 
the substrate holder and the interior wall of the cylin- 
drical portion is made constant with regard to the en- 
tire circumference of the substrate holder. Conse- 
quently, the conductance of exhaust is made con- 
stant with regard to the entire circumference of the 
substrate holder. Therefore, even when the substrate 
holder is rotated, no influence is exerted on the flow 
speed of each material gas, and a compound semi- 
conductor layer can be grown with a good controllabil- 
ity. 

According to the vapor growth apparatus of an 
embodiment, the gas separation means is comprised 
of at least one partition plate provided in a plane 
which includes the center line of the cylindrical portion 
and passes between the plural number of material 
gas supply inlets. With the above-mentioned ar- 
rangement, the flow paths of the material gases can 
be simply effectively separated from each other. 

According to the vapor growth apparatus of an 
embodiment, the partition plates extend radially from 
the center line to the interior waif of the cylindrical por- 
tion and intersect each other at a specified angle, and 
the angle is set according to a duration of a period in 
which each of the material gases are supplied to the 
substrate. Therefore, by increasing the setting level 
of the rotating speed (constant speed) of the sub- 
strate holder, each material gas supply period for 
forming the compound semiconductor layer can be 
set at the necessary minimum duration. Therefore, 
the productivity can be Increased. Furthermore, since 
the drive means is merely required to rotate the sub- 
strate holder at a constant speed, the rotation control 
can be performed simply. 

According to the* vapor growth apparatus' of an 
embodiment, a separation gas supply inlet for supply- 
ing the separation gas having a characteristic that 
makes no contribution to the growth reaction on the 
surface of the substrate is provided between the plu- 
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rat number of material gas supply inlets at the end 
plate. The gas separation means is comprised of a 
flow of the separation gas in a layer form extending 
from the separation gas supply inlet to the substrate 
holding surface. Therefore, the flow paths of the ma- s 
terial gases can be separated from each other without 
providing any additional member inside the cylindrical 
portion, thereby allowing a simplified maintenance to 
be achieved. 

According to the vapor growth apparatus of an 10 
embodiment, the substrate holding surface of the 
substrate holder has a configuration corresponding to 
the exterior side surface of a pyramidal frustum hav- 
ing a center line coinciding with the center line of the 
cylindrical portion. With the above-mentioned ar- is 
rangement, the area of the substrate holding surface 
can be expanded more than in the case where the 
substrate holding surface is provided perpendicular 
to the center tine of the cylindrical portion. Therefore, 
a lot of substrates can be set on the substrate holding 20 
surface, whereby an increased productivity is ach- 
ieved. 

According to the vapor growth apparatus of an 
embodiment, the substrate holding surface of the 
substrate holder has a configuration corresponding to 25 
the interior side surface of a prism-shaped pipe hav- 
ing a center line coinciding with the center line of the 
cylindrical portion. With the above-mentioned ar- 
rangement, the area of the substrate holding surface 
can be expanded more than in the case where the 30 
substrate holding surface is provided perpendicular 
to the center line of the cylindrical portion. Therefore, 
a lot of substrates can be set on the substrate holding 
surface, whereby an increased productivity is ach- 
ieved. 35 

The present invention also provides a vapor 
growth method comprising the steps of: holding a 
substrate on a substrate holding surface of a sub- 
strate holder arranged between an upstream side 
and a downstream side of a cylindrical portion of a 40 
growth chamber having the cylindrical portion which 
extends in one direction from the upstream side to the 
downstream side and an end plate which closes an 
upstream end portion of the cylindrical portion, main- 
taining the substrate at a specified temperature, 45 
forming material gas supply areas where material 
gases are independently supplied to corresponding 
portions of the substrate holding surface by supplying 
a cation material gas and an anion material gas from 
the upstream side through a plurality of material gas so 
supply inlets into the cylindrical portion while prevent- 
ing the material gases from being mixed with each 
other inside the cylindrical portion by gas separation 
meansVnd discharging the material gases out of the 
cylindrical portion, and rotating the substrate holder 65 
around a center line of the cylindrical portion. 

According to the vapor growth method of the 
present invention, the cation material gas and the 



anion material gas can be alternately supplied to the 
surface of the substrate by rotating the substrate 
holder while preventing the material gases from being 
mixed by the separation means, and a compound 
semiconductor layer having an evenness and an in- 
terfacial sharpness in units of atomic layers can be 
grown with a good productivity. Furthermore, the 
above-mentioned arrangement obviates the need of 
frequently opening and closing the control valve. 

According to the vapor growth method of an em- 
bodiment, the rotating speed of the substrate holder 
is increased when the substrate traverses the plane 
in which the partition plate exists, and the rotating 
speed of the substrate holder is reduced or tempor- 
arily stopped when the substrate is located fn each 
material gas supply area. With the above-mentioned 
arrangement, a transitional period in which the cation 
material gas is supplied to a part of the surface of the 
substrate and the anion material gas is supplied to the 
remaining part of the surface of the substrate can be 
substantially eliminated. Therefore, growth of an 
atomic layer having an excellent interfacial sharpness 
can be achieved. 

According to the vapor growth method of an em- 
bodiment, the rotating speed of the substrate holder 
rotating around the center line of the cylindrical por- 
tion is changed according to the duration of the period 
in which each material gas is supplied to the sub- 
strate. For instance, when the substrate passes 
through the supply area of the material gas which re- 
quires a short supply time, the rotating speed of the 
substrate holder is increased. When the substrate 
passes through the supply area of the material gas 
which requires a long supply time, the rotating speed 
of the substrate holder is reduced. With the above- 
mentioned arrangement, each material gas supply 
period forforming the compound semiconductor layer 
can be set at the necessary minimum duration. 
Therefore, the productivity can be increased. 

According to the vapor growth method of an em- 
bodiment, there are prepared two or more types of at 
least one of the cation material gas and the anion ma- 
terial gas, and the two or more types of material gases 
are supplied into the cylindrical portion through differ- 
ent material gas supply inlets, whereby two or more 
atomic layers are grown in one turn of the substrate 
holder. Therefore, a compound semiconductor layer 
having a composition of a variety of types can be 
grown. 

The invention being thus described, it will be ob- 
vious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would"b*e obvious to one skilled in 
the art are intended to be included within the scope 
of the following claims. 

SCCM and SLM represent units of flow rate. "S° 
is an abbreviation for the standard condition in which 
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the temperature is 0 C and the pressure is 1 atm, and 
means that the volume of gas under a certain condi- 
tion is converted into the volume of the gas under the 
standard condition. R CC" is an abbreviation for cubic 
centimeter, "L B is an abbreviation for liter, and "M" s 
means "per minute". Therefore, for example "1 SCCM" 
means that the gas of 1 cc if converted to the standard 
condition flows per minute. "1SLM" means that the 
gas of 1 liter if converted to the standard condition 
flow per minute. 10 



Claims 

1. A vapor growth apparatus for growing a com- is 
pound semiconductor layer on a surface of a sub- 
strate (4) maintained at a specified temperature 

in a growth chamber (1) by alternately supplying 
a cation material gas and an anion material gas 
to the substrate and reacting the gases, wherein 20 

the growth chamber (1) has a cylindrical 
portion (1b) which extends in a direction from an 
upstream side to a downstream side and an end 
plate (1a) which closes an upstream end portion 
of the cylindrical portion (1 b), 25 

the end plate (1a) has in specified portions 
thereof a material gas supply inlet (2) for supply- 
ing the cation material gas into the cylindrical por- 
tion (1b) and a material gas supply inlet (3) for 
supplying the anion material gas into the cylindri- 30 
cal portion (1b), and further comprising 

exhaust means (1 0) for discharging gas in- 
side the cylindrical portion (1b) from a down- 
stream side of the cylindrical portion (1b), 

a substrate holder (5, 1 5, 25) provided be- 35 
tween the upstream side and the downstream 
side of the cylindrical portion (1b) and having a 
substrate holding surface (20, 30, 40), 

gas separation means (6,16, 26) for form- 
ing a plurality of material gas supply areas where 40 
the material gases are independently supplied to 
the substrate holding surface (20) by separating 
flow paths of the material gases extending from 
the material gas supply inlets (2, 3) to the sub- 
strate holding surface (20), and 45 

drive means for rotating the substrate 
holder (5, 1 5, 25) with the substrate (4) set on the 
substrate holding surface (20) around a center 
line of the cylindrical portion (1b). 

so 

2. A vapor growth apparatus as claimed in Claim 1 , 
wherein 

the substrate holding surface (20) of the 
substrate Holder (5) Is perpendicular to the center 
line of the cylindrical portion (1 b), faces the plural 65 
number of material gas supply inlets (2, 3) at the 
end plate (1a), and has a circular configuration, 
and wherein a center of the substrate holding sur- 



face (20) is existing in the center line of the cylin- 
drical portion (1b). 

3. A vapor growth apparatus as claimed in Claim 1 , 
wherein 

the gas separation means comprises at 
least one partition plate (6, 6', 6A, 6B, 16, 26) pro- 
vided in a plane which includes the center line of 
the cylindrical portion (1b) and passes between 
the plural number of material gas supply inlets (2, 
3). 

4. A vapor growth apparatus as claimed in Claim 3, 
wherein 

the partition plates (6A, 6B) extends radi- 
ally from the center line of the cylindrical portion 
(1b) to an interior wall of the cylindrical portion 
(1 b) and intersect each other at a specified angle, 
and 

the angle is set in correspondence with a 
duration of a period in which each of the material 
gases is supplied to the substrate (4). 

5. A vapor growth apparatus as claimed in Claim 1 , 
wherein 

a separation gas supply inlet (8) for sup- 
plying a separation gas having a characteristic 
that makes no contribution to growth reaction on 
the surface of the substrate (4) is provided be- 
tween the material gas supply inlets (2, 3) at the 
end plate (1a), and 

the gas separation means is comprised of 
a flow in a layer form of the separation gas ex- 
tending from the separation gas supply inlet (8) 
to the substrate holding surface (20). 

6. A vapor growth apparatus as claimed in Claim 1, 
wherein 

the substrate holding surface of the sub- 
strate holder (15) has a configuration corre- 
sponding to an exterior side surface (30) of a pyr- 
amidal frustum having a center line coinciding 
with the center line of the cylindrical portion (1b). 

7. A vapor growth apparatus as claimed in Claim 1 , 
wherein 

the substrate holding surface (40) of the 
substrate holder (25) has a configuration corre- 
sponding to an interior side surface of a prism- 
shaped pipe having a center line coinciding with 
the center line of the cylindrical portion (1b). 

8. A vapor growth method comprising the steps of: 

Holding" a substrate (4) on a substrate 
holding surface (20, 30, 40) of a substrate holder 
(5, 15, 25) arranged between an upstream side 
and a downstream side of a cylindrical portion 
(1b) of a growth chamber (1) having the cylindri- 
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cal portion (1b) which extends in one direction 
from the upstream side to the downstream side 
and an end plate (1a) which closes an upstream 
end portion of the cylindrical portion (1b), 

maintaining the substrate (4) at a speci- 5 
fied temperature, 

forming material gas supply areas where 
material gases are independently supplied to cor- 
responding portions of the substrate holding sur- 
face (20, 30, 40) by supplying a cation material 10 
gas and an anion material gas from the upstream 
side through a plurality of material gas supply in- 
lets (2, 3) into the cylindrical portion (1b) while 
preventing the material gases from being mixed 
with each other inside the cylindrical portion (1 b) is 
by gas separation means (6, 16, 26) and dis- 
charging the material gases out of the cylindrical 
portion (1b), and 

rotating the substrate holder (5, 15, 25) 
around a center line of the cylindrical portion (1 b). 20 

9. A vapor growth method as claimed in Claim 8, 
wherein 

the gas separation means (6) is comprised 
of at least one partition plate (6) arranged in a 25 
plane which includes the center line of the cylin- 
drical portion (1b) and passes between the plural 
number of material gas supply inlets (2, 3), and 

a rotating speed of the substrate holder (5) 
is increased when the substrate (4) traverses the 30 
plane in which the partition plate (6) exists, and 
the rotating speed of the substrate holder (5) is 
reduced or temporarily stopped when the sub- 
strate (4) is located in each of the material gas 
supply areas. 35 

10. A vapor growth method as claimed in Claim 8, 
wherein 

a rotating speed of the substrate holder (5) 
rotating around the center line of the cylindrical 40 
portion (1 b) is changed according to a duration of 
a period in which each of the material gases is 
supplied to the substrate (4). 

11. A vapor growth method as claimed in Claim 8, 45 
wherein 

two or more types of at least one of the ca- 
tion material gas and the anion material gas are 
prepared, and the two or more types of material 
gases are supplied into the cylindrical portion so 
(1b) through different material gas supply inlets 
(2, 3), whereby two or more atomic layers are 
grown in one turn of the substrate holder. 
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